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wing: (1) general recognition that 
is is an industrial problem 
that industrial health is a tuber- 


sis problem; (2) surveys showing 


LiOS 


1¢ general lack of medical supervision 
‘he majority of industrial establish- 
5) studies on the staggering 
¢ loss due to tuberculosis, one 
“silent (4) com- 
studies of the decline of the 
losis mortality rates in the 


~~ . + are 
sicknesses: 


ve groups and in other age 
d (5) the tremendous prob- 
lacing discharged 
sanatorium in suitable and 


| ployment. 


patients 
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i | HE past decade has seen a Tuberculosis is basically a problem 
20,092 it ; 
striking development in the of the working man and woman, 
ms extension of industrial hygiene since one out of every three or four 
ibular | ayy | ‘ 
| tuberculosis associations in the deaths between the ages of 15 and 45 
dStates. This hasbeen brought years occurs from tuberculosis, and the 
quil | aa 
| | it by various factors among peak of our death rate is in the period 
trad , ; ; os es 
ch may be mentioned briefly the of our greatest productivity. Since 


the tuberculosis campaign has been 
largely one of education, the tuber- 
culosis can reach this 
large group of tuberculous adults in 


the industries, for here we have some 


associations 


40,000,000 people in groups of various 
sizes who are much more easily ap- 
proached than 
individuals. 


they would be as 

Industrial activity is a factor in the 
development of many cases of tubercu- 
losis, and industry is concerned with 
the recognition and treatment of the 
disease, but as Wade Wright has 
pointed out, the great majority of 
cases cannot be attributed directly to 
the effects of work at particular Jobs. 


LS 


He asks for a differentiation between 


217 





218 


tuberculosis in industry and industrial 
The 


That there are many cases 


tuberculosis. two are vastly 
different. 
of tuberculosis in the industrial wage 
earning age groups no one will gainsay, 
and it is to this group that attention 
should be direeted. 

As recently as 1922 the Philadelphia 
[lealth Council and Tuberculosis Com- 
mittee following Dr. Horwood’s tuber- 
culosis survey of Philadelphia, insti- 
tuted its industrial service which is now 
being used as a plan in embryo for 
other tuberculosis associations to fol- 
low. The realization of the impor- 
tanee of including such a service in a 
well-rounded tuberculosis program was 
Ir. florwood 

that 


be directed toward finding the early 


inspired by when he 


recommended special emphasis 
adult cases of tuberculosis, especially 
a:nong those in industry; in order to 
achieve this end he suggested an in- 
vasion of industry by the introduction 


of the antit ubereulosis 


campaign, 
“through the holding of elinies, the 
use of tuberculosis nurses, and the 


. . e- . a = a ‘ pad ‘ . 
disseminat Ion OT KNOW ledge TiC eCTonIng 


Ci 
tubereulosis.”’ That Dr. Horwood’s 
recommendations have been inspira- 
tional is evidenced by the fact that the 
Philadelphia Plan has been adopted in 
several other communities with vary- 
Ing degrees of success. The develop- 
ment has been progressive though slow. 

Drolet, in 1922, in discussing the 
extension of tuberculosis dispensary 
work into industry wrote: ‘“Tubereu- 
losis work, addressed as it is primarily 
to the the 


| 
pHeen 


and especially to 


childhood, 


) 
nome 


protection of has 


steadily and progressively protective; 


but the wage earner and industry 


have been practically untouched.” 


Progress is now beine made, even 
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though it 


is slow. The extensioy 
industrial medical practice wil] 
materially in speeding up tubereyjog. 
work, but only 1, 
plants are reached, for the majority 
the 40,000,000 industrial emplo- 
in the United States are employ, 

plants of less than 500 workers. , 
stituting 99 per cent. 


when the gma 


of the indust, 
establishments and employing 

than 60 per cent. of all the 
industrial medica] 


° 
i 
vision is to be successful in the eount 


earners. | 


11) 
Lj) 


at large, it must be made avails 
this vast majority of plants. 
The surveys of industrial 

facilities in the plants of Philadelp 
New York City, Paterson, Ney 


Hudson County, and othe 


] . ‘ , on t Pr 
show a general lack of indu 


medical supervision in the larger plants 
and even less service for employees in 
the remaining plants especially in t! 

ohinl re ye , e Lx; { | 
which have from twenty-five to 1) 
Hudson = County 
which has a _ total population 


employees. In 


725,000, there is an industrial popu. 
tion of 112,000 men and women in its 
2,350 industrial 
preliminary survey showed that 

14.9 per cent. of them had any sor‘ 
medical service and the mayority 


establishments. 


those had only a physician on cal. 
The industrial health service ol | 
Hudson County Tuberculosis Leag 
was begun in February, 1928. bh 
ployers were interviewed; noond 
talks were given in industrial 
leaflets, 
pamphlets on health matters 
distributed: 


lishments; posters, 


motion pictur - 
shown and health examinatio! 
set up in the various plants. 1 
talks the value of the health exa 


tion was stressed: it was poll 


‘ 
} 
~ + 
uA Sis 








be examination would be con- 
»] between the examining physi- 
that the 


— | tion was not compulsory, and 


id the employee, 


io} ere would be male physicians 
nnlo men and female physicians 
loved ‘he women. A heartier response 
ers. Con. had been anticipated greeted 
ndust) duction of the work, approxi- 
ne <0 per cent. of the employees 
he y | voluntarily submitting to the 
il su | ition 
cour the employers and employees 
to the examinations, the 
as established in some con- 
place in the plant. in the 
delp n industrial nurse assists the 
Voy: is, takes the histories of the 
: and carries out the follow- 
rram. The employee is given 
| 0] physical examination 
lovees in . | to the waist. He is ques- 
>in thos | coneerning past illnesses, par- 
» 10 | ivy of the respiratory type, and 
(County lete a family history as possible 
ition 0! n. A speeimen of urine is 
| por of each examinee. 
en in its ‘ing the results of the exami- 
ents. A ve found that the defective 
ns detected among these ap- 
y sort of healthy men and women were 
jority lance with results obtained 
n eall physical examination services, 
ce of t defects standing out most 
s Leag nently. Cases of malnutrition, 
ae Oe eight and overweight, and 


noonaa; udencey to hypertension accounted 
of the 


S. in 1,099 examinations, 123 


al estab proximately 25 per cent. 


are “PS were detected. of which j4 

sedas observation cases and 

nn clinics tive cases, and referred to 

physicians and tubercu- 

‘'s for further examination 
at "Phnen 
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i \ 


considerably lower than those found 
in our experience in Newark where, 
in the course of 3,500 examinations, we 
found S80 


eases of tuberculosis. of which 60 were 


positive and observation 


later definitely diagnosed as tubercu- 


lous and 39 were sent to sanatoriums, 


later to be discharged as arrested 


and returned to their former 


cases 
employment. 
CXalninations 


results of the 


ry. 

Che 
rs 54. 5 . a + i . " 
iurtnhner thai 10.6 cent. 


54.8 


showed per 
. ’ . s | . 

were free from physical defects, 

per 


defects, 


cent. were found to have minor 


goes a } ] 
26.3 per cent. had advanced 


Y a t } 


minor defects. and 8.3 ver cent. had 


7 1 . 
mayor or numerous advanced minor 


. 4 rw , 7 
defects. isee Table 1. 
=. Y T 
tbo l. i 5 [Fk] \- 
ry (OF PRR r\ PTI CS 
| [- ER 
CLASS 
I CENT 
' '\ »>q@ t 116 10 8) 
7 | = 
B. Minor defects 602! 54.8 
} ] . 
( Wa 9 ( (] 7 j ) l ‘ ) ; 2) ) 
y \ fT ? ‘ 
VW. \iajor detects 92; 8.3 
) ~ ) If ) () 


‘Xaminations among 


1 ie 7 
large and 


A 


oreat 


Proups OI men Vomen, a 


Ol defective conditions 
of teeth, diseased de- 


fects, high blood pressure, and faulty 


number 


Visual! 


tonsils, 
nutrition were found. 


defects 


A specific clas- 
sification of requiring cor- 
rection is given in Table 2. 

‘he service provides for an individ- 
which is sent to the 
his 
general report to the employer apprais- 


her of employees 


ual report 


employee at home, and for a 


ing him of the 


nun 


reneral classification of 


examined, the 


and a 


according to their healt} 
ACCOTAULDS i ») LLIC ITI rail he 


CASES 





991 


PAY 


TABLE 2.—SPECIFIC CLASSIFICA- 
TION OF DEFECTS REQUIR- 


[|e 

rs Z. 

CONDITION 9 5 

| 2 ~ 

Zz a, 
Defective teeth and gums......| 490 | 44.5 
Underweight.................. 257 23.3 
High blood pressure 250 | 22.7 
lefective tonsils.............. 928 | 20.7 


ears (defeetive hearing and cer- | 


— 
~J] 
fr“ 


umen) 


— 
— 
-_ 
fF 
— 
Ut 
bo 


Constipation 
Visual defects 
Soy a 
(‘hest defects 


Anemia 


6 26 4 OOS) oO 6 8 6 6 Oo 8:4 Oo 


a 
Ne t 
J 
_ 
Hq C¢ 
Cc, 


— 
aed 
~- 
~_ 
—_— 
se 
- 
~ 


— 
-— 
a 
we 
— 
— 
— 
~] Core i 


Thyroid enlargements.......... 45 | 4.0 
NMORE GOTOCES. < ic cv acecccucacs D0 0.0 
Wassermann tests indicated... v0 | 2.0 
Dysmenorrhea 53 4.8 


Defective feet 


—~ 
SF 
os 
~J GJ 


Hemorrhoids...............0e0 4] 3 
ona whee aa ee ee ee ee 36 3.0 
Skin defectS.............cccce00- o8 3.0 
fy 30 i | 
go gs 30 2.7 
17) : 
Suga ] Q.] 
\Ibumin 17 L.o 
eeination advised 13 oom 
) «| d 1} ] {) 
Pir 11 | { 
C,asti in . 7 
Defot ) ) A 
Sy H 0.3 


the 


instances being clas- 


statement of the defeets found, 
defects In some 
sified according to the departments in 


> 


whieh the employees are working. 
Also, a sanitary survey is made and 
reported on. 

Of great importance in the industrial 
health the 


follow-up the 


work of the League is 


work conducted by 
industrial nurse in co-operation with 


the tuberculosis elinics in tuberculous 
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cases, With the various social serpy, 
agencies, and with the private fayj), 
physicians. Every case requiring «,. 
tention is followed up by the ny» 
who gets in touch with the employee’, 
private physician when necessary. 0) 
with the proper clinie and social 
service agency when this procedure 
deemed expedient. Whenever the oe; 
aminer’s report indicates the necessjj 
of immediate attention, the employe 
is inmediately referred to his priya, 
physician or to the proper clinic. 
the first year of the service in Hudso: 
County, 932 examinees were refer 
to physicians, dentists, and clinics 
Of those referred to their physicians, 
our follow-up records show that 6] 
per cent. have followed the advice | 
our examiners and have visited thei 
doctors. In the 123 chest cases 
ferred for further 
extent to which 


examination, 
the 
co-operating is shown in the following 
tabulation: 


examinees a! 


’ . . . 
Have had further examinations 


' 1; linic 
Attending CilniCs 
cases rer eee Ter ee 
Attended clinics renorted 
Se re a ee ere ee ae - 
Examined by family physician 
1 Des ies 
are unqaer hls care 


. 
: “yee , vik 
Refused follow-up interview 


Moved out of county............ 
The examinations and _ follow-t 
. = 
have also resulted in the follows 


Fight persons have had their 


removed, fourteen are wearing gi0** 
to correct faulty vision, one |} 
was hospitalized for a period 0! 
nephritis, 
perl 
nine persons are wearing truss 


and 


month with acute 


hemorrhoidectomy was 


~ 


are wearing 


eight 


hernia, 








C nurs 
Dloyee’s 
sary, 0) 

Social 
dure Ix 
the | \- 
CECESSify 
nploye 
privat 


1¢. 


Hudson 


rererr 


clinics 


= 
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_nports. An increasing number are 
| sit ‘ng their dentists for the correction 
: dental defects. 
‘Concerning the follow-up of tuber- 
a»jlous cases, We are most fortunate in 
aying recourse to the Hudson County 
ryberculosis Clinics which are open 
very day and one evening a week. 
The clinies co-operate beautifully in 
-ye further examination, including 
X-ray, of the observation cases. The 
mportance of the evening clinic cannot 
be overemphasized, for the employee 
's thereby enabled to have his re- 
examination without losing time from 
his work. We are further fortunate 
‘n having a State Board of Children’s 
Guardians Fund by which the family 
may be eared for should the bread- 
nner of the family be required 
ty) go to the sanatorium. Also, for 
ose cases requiring immediate hos- 
pitalization pending their admission 
to the sanatorium, there are beds 
ivailable at the Jersey City Hospital. 
These beds are inadequate in number 
io meet the demands, but they assist 
remendously. 
When it is felt that the demonstra- 
of the value of industrial medical 
pervision has fulfilled its purpose, 
iattempt will be made to have indus- 
take over the work according to 
practicable plan outlined by Dr. 
vey Dee Brown of Philadelphia. 
‘he plan in brief is this: Units con- 
‘ing of a group of plants which have 
LOO to 500 employees each and 
reasonably near each other, pro- 
ng a total of 1,000 employees, are 
ished. Each plant sharing in 
it service is required to provide 
“rst aid or clinie room in the plant, 
perly equipped, and to pay monthly 
) rata share in the cost of the 


unit based on the average number of 
employees. The Health Council or- 
ganizes the service and supervises the 
preparation of suitable rooms for 
clinics with necessary equipment and 
supplies which are purchased for the 
plant. It also administers the service 
for a temporary period and furnishes 
the necessary blanks. 

The Unit Plan has for its object the 
following: 

1. Physical examinations of all em- 
ployees, including preemployment ex- 
aminations, and reexaminations at 
stated intervals of employees having 
physical defects. 

2. Medical and surgical relief, in- 
cluding emergency treatment of acci- 
dents and minor illnesses occurring at 
the plant and follow-up of compensable 
cases, advice as to the correction of 
defects found on examination, foilow- 
up of such employees in homes when 
necessary, and co-operation with the 
family physician of the sick, injured, 
or defective employee. 

3. Instruction in first aid to sick 
and injured to a selected group in each 
plant so that there will be some one 
to give first aid in case of accidents 
when the physician or the nurse is not 
at a given plant. 

4.. Industrial hygiene and sanitation 
including sanitary survey of plant 
annually and sanitary supervision with 
monthly inspections of the plant. 

5. Health education and hygienic 
instruction including health talks to 
employees, health classes for women 
workers, a monthly poster service, and 
motion pictures on health problems 
affecting industrial workers where 
suitable arrangements can be made. 

According to Dr. Brown, ‘‘from the 


point of view of the employers’ inter- 
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TUBE 


sed of his progress and particularly 
" to the effect 


} 


i for at. a 


that discharge may be 


certain date. This 
enable the employer to make 

arrangements for the aceept- 

; eo of his former employee. In the 
hat there is no position avail- 

similar procedure should be 


out with the loeal tubereulosis 


or with a publie employment 
1. The sanatorium or clinic or 
culosis league should have on its 
worker or who 


St 
OCiat 


Hnurse 
’ . ] 
re 


iands this important phase of 


litation work. In © southern 


eounties 


. ? 
ta elent 


are now 
ng from a rehabilitation service 
Publie 


by the Minnesota 
According to 


\ssoclation. 
Rosell of this association, in 
mn to providing protection for 

sanatorium the 


afford an 


patient, 


vill also economic 


»the community. He says: 


nds are wasted when a tuber- 


nt, after money has been ex- 


’ 


lin an effort to preserve his life for 


nd community by sanatorium 


an unsultable job which may 


T’¢ Ane 


In addition to giving 


peated sanatorium care, it 


necessary for the county to 
of the 


family. By obtaining 


positions for 


nd by checking their health peri- 


former tuberculous 


new service will prevent re 


guarding interests of the em- 
fund 


arrested tuberculous 


NomMmIzing on communityv 


ting the 


preciate fully that it is most 


th 


nes TO procure employ- 
i¢ nontuberculous. particu- 
1t?s Of PXCESSIVE 


unemploy- 


we should make everv 


ice the discharged patient 
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In work for which he is adapted and 
which he is capable of performing. 
The splendid report of Dr. EF. ON. 
Kay Menzies on the “lmployment of 
Tubereulosis Patients” the fol- 


lowing conclusions which are worthy 


hes CS 


of consideration: 


| 


1. ‘The prol 


, ' 
' + ,* , ' 4 bd 
MEM OF TNE Wempopover pc] vil 


sufiering from tuberculosis is im many re 


similar Lo that of the une Nn 
healthy person 
2 \ reduction in the total number of un 


emploved will he i ocinted with it tral] if} 


th : number ()] ftubereulou unemplo ( { 


- WN: a ley rca 1], +] , oL-ay 
oO. OPCakliye PeCHNeCPany, LAC WOPKINE Capac 


ity ot the Lut) reulou person Who (" ae (**} 
Is not arrested is not more than 50°,, of the 
normal person 


4 \lany of the 


persons, 


partly incapacitated 


though unfit for work a ord rarily 
carried out, a capable of being employed 


under npecial condition 
] 
eCCclal C 


midition mclude vari 


ous forms of employ which eall for 


little phy les 


ment 
iL effort together with hours of 
work regulated to the physical capacity ot 
the employee and a hygienic environment 


eo . 
) Phe lo of efhereney of the tuber 


culous work r Can by ma le eood Lo Ome 


extent by the use of labour-saving method 


- ware , 
(7. Wherever possible, a tuberculous per 
Son should seek for ah employment for 


which his previous experience fits him 


The best course as a rule is the return, per 
haps under modified conditions, to his usual 


employment 


S$. Experience has shown that the train 
ing of adults over the age of 25 In a new o¢ 
cupation, 


regarded a suitable on medical 


grounds, is not practicable as a get 


I 
~ ri *] . . r . "a ge ’ ’ ’ ’ 
ICV Phe traming of ex-service PeMstones 
13+¢l craaly 
has proved to be of very 1ibbic Vail 
ry” . ] 
9 The training of tuberceulou person 
, ] | 7 , ‘7 
at the younger ages would probably prove 
more satisiactory, publ a St, i 2 pect ()] 
] + , 1 (44) ryert f (*4 
WuUlnNOonal Ca , LERCTIC |] baUU) CA PeriIen 
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upon which to base a delinite Opinion 
lO. In we Ctl U! yy vyvinent of a 
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ment of the tuberculous also have absorbed 
a certain number of patients as members of 
the staff. 
arises on the question of superannuation 


Difficulty, however, commonly 


and pension. 
11. Care and similar vol- 
untary agencies have succeeded to a limited 


Committees 


extent in placing tuberculous patients in 


suitable occupations, and under present 
eonditions they can do more for patients 
than any other agency. Care Committees 
do not attempt to create employment but 
aim at securing vacant situations for their 
chents. 

12. In some areas, a few patients have 
been found employment in unskilled occu- 
pations, such as jobbing gardeners, basket- 
work, car-park attendants, ete. Sana- 
torlum superintendents can co-operate in 
this direction by giving patients, as a part 
of their treatment, instruction in simple 


handicrafts, ete. 


Whether the “Care 
emanates from the sanatorium, clinic. 


Committee” 


or tuberculosis association makes little 


difference as long as there is some 
person or group to whom is intrusted 
the follow-up of these patients from 
the standpoint of providing em- 
ployment. 

The Standard Oil 


California in its experiment in the care 


Company of 


of tuberculous employees established 
the Standard Oil Company Sanatorium 
with two objects in view: namely, to 
restore to work persons having favor- 
able prognosis, and to furnish care and 
treatment for life to those with hope- 


less 


eases. Regulations to promote 
these ends were to the effect that 


every tuberculous employee be offered 
treatment; that all patients be under 
the full control of the medical superin- 
tendent; that no patient be discharged 
until fit for light work; and finally that 
the medical superintendent prescribe 
for each discharged patient the type 
of work and the number of hours he 
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shall work. The treatment is ¢h, 
same as that given in all well-conduct, ) 
modern sanatoriums, except that Upon 
discharge the two latter regulations 
obtain. In my opinion the sanatoriyy 
renders a valuable service to the 
individual and to the community hy 
making an appraisal of the individual’ 
work capacity and informing him and 
certifying him concerning the amount 
of work he should perform, according 
to the best judgment of the examining 
physician. 

The Union County Tuberculosis 
League in New Jersey conducts ches 
clinics in industrial plants, but the work 
is done by physicians connected with 
the County Sanatorium. 
departure from the program in Phila- 


This is a 


delphia and the three communities in 
New Jersey where the examinations 
are made by physicians engaged by 
The Union 


primarily 


the tuberculosis league. 

County demonstration is 
interested in 
tuberculosis, whereas the others are 


discovering eases of 
attempting to demonstrate the value 
of a complete system of industrial 


medical supervision. Both have th 


place in the tuberculosis prograt 
inasmuch as they are case finding 
mediums. 

The tuberculosis sanatorium and 


clinies, in order to render the greatest 
service to the community, may we 
consider the establishment of consulta- 
tion clinics in industrial establishments 
having 1,000 employees and ov 
The eclinie should be held once amo 

at which time special cases refer! ( 
the medical department 
examined on company time. If fac 


may 


ties for this diagnostic and consu' 

tion service are provided, a spiel 
‘ . . . = 

medium for finding tuberculous 











dual’s 
mM and 
mount 
i 
Ording 


nining 
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4]| result. Firms and corporations 
ough their medical departments 
- use this service particularly for 
employees who may be missing work 
» account of illness and who may 
-yys be checked up for the reactivation 
latent tuberculosis. 
The experience of the Westinghouse 
“lectric and Manufacturing Company 
- Pittsburgh in the matter of the 
are of the tuberculous is interesting. 
When a ease of tuberculosis is dis- 
vered among their workers imme- 
steps are taken to have the 
ent admitted to either a state or 
private institution. At the same 
me the other workers that are in 
iase contact are examined; and the 
natient’s family, in case he is married, 
isalso brought in for examination. In 
veral instances the children have 
iso been sent away for treatment. 
When the employee is able to work 


again he is given suitable work and 


reexamined once every month for a 
period of six months, and later every 

months, in order to see if he is 
iding up under the work in which he 
s engaged. Occasional letters are 
written to all superintendents and 
| n ealling their attention to 

importance of finding tuberculous 


cases early in order that the length of 


isability may be shortened and that 
‘ley may undergo immediate treat- 
This latter feature has been 
ieipful as departmental heads are 
antly sending employees to the 

| department for examination 

n employee shows signs of not 

ng well, a condition which, of 
shows up very quickly in his 

‘lion. In one of the large 

in Hudson County the foremen 


juired to report cases of this 


kind, and it is surprising to see how 
many observation cases have been 
detected by this method. 

At the Pittsburgh Westinghouse 
Klectric Plant there was often hesi- 
tancy among employees about going 
to a sanatorium for treatment, but 
this has been overcome in part by 
having photographs taken of different 
sanatoriums and permitting the em- 
ployee to take the photographs home 
to show to his wife or family so that 
all would understand to just what kind 
of place the patient was going. Also, 
when one of the workers goes to a 
sanatorium, one or two other 
employees from the shop go along, 
expenses paid, so that when they re- 
turn they will tell all their friends in 
the shop what a wonderful place a 
sanatorium is. ‘The cases which are 
arrested and returned to work are 
walking delegates for preventive medi- 
cine, and they spread this gospel 
throughout the plant. 

In this connection permit me to 
quote Wade Wright: 


Of particular value in relation to indus- 
trial practice are consultation diagnostic 
clinics for tuberculosis and for cardiac 
disease. Tuberculosis is rarely recognized 
in industrial dispensaries yet there are 
many tuberculous industrial workers. The 
situation recalls J’s comment in ‘Three 
Men in a Boat’’ upon the fact that he had 
never met, on land, a man who had never 
known what it was to be seasick, though at 
sea he came across whole boat loads of 
them. There is a prejudice in industry 
against discussion of such dread maladies 
as tuberculosis. 

tend {mong those who suspect that they 
may be tuberculous, fear of the unknown 
path ahead, of hospitalization, of relegation 
to the scrap heap, these serve as powerful 
deterrents to inquiring minds. One glimpse 
in a plant by a sturdy, healthy, hopeful 


sraduate of a tuberculosis sanatorium, re- 
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turned to his former work among his former 
mates, ean do more to uncover clandestine 
tuberculosis than the taking of many after- 
multitude of 
short, snappy coughs at the end of expir- 


noon temperatures and a 
ation. 

The return of arrested cases to employ- 
ment demands real, not fancied, knowledge 
of working conditions, as well as mechanism 


for continued observation. 


Dr. Hazlett feels 
with regard to sanatorium treatment 


very strongly 
as his records show that the patients 
who go away lose only about one-half 
the time lost by those who stay at home 
for two or three months and finally 
He 
reports a considerable reduction in the 
West- 


ectrie Plant and attributes 


perhaps go to a sanatorium. 


number of eases found at the 


inghouse [¢] 
this to the following: 


|. Iexamination of all 


new em- 
ployces. 
2. idueation of employees. 
4. Investigation of all eases of 


absenteeism. 
}. Periodie 


~ 


). Co-operation of superintendents 


examinations. 


and foremen. 
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6. Examination of employees 
turning to work after illness. 


(CONCLUSION 
It is only by means of continually 


fighting tuberculosis through the gop. 


~ 


cies of the physical examination. 
finding of early cases, constant medic. 
supervision of the tuberculous. 


continued educational campaign, 


i 


the proper after-care and placement | 
those discharged from the sanatoriy» 
that the disease can be kept down, a 
tothisend the tuberculosis sanatoriy 
the tuberculosis association, and. in- 


AVA 


dustry should work hand in hand. [i 


progress has been made in oth 


(ir 
a) 


Linst 


lVeye 
4 pew 6 


roups in the campaign 
culosis let us intelligently bend 
efforts to a svstematie attack dir 
against tubereulous eases in indust) 
If the 


i] 
Lhe 


eases can be tten early 


ry 
oo 


sanatorium is shorter 


stay 


patient can be returned to indust 


and the econo mie loss that \\ 
otherwise be sustained is. @! 
diminished. 
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INTRODUCTION 


URING the past fifteen years 
of observations in the state of 
Ohio, appeared 
very few reports of silicosis, and these 


there have 


usually from abrasive industries. 


There 


excessive tuberculosis associated with 


have been no reports. of 
mma 

silicosis, as from the sandstone quar- 
the 
centers of the sandstone industry in 


the 


ries. Inasmuch as one of chief 
center of 
sandstone. is loeated in the 
the state of Ohio 


(Lorain County), we made an intensive 


America, and chief 
serea 
northern part of 
X-ray examination of all the workers 
1926. The 


are employed by quarry 


so engaged in workmen 


two come- 


panies, which market grindstones, 


seythestones, curbing, flagging, break- 
building stone, and also 


water and 


furnace sand. 


x 
1929 

' Now Medical Director of the 
dation Coal Company, Fairmont, W. Va 


Received for publication March 29, 


( ‘Ol! soli- 


These sandstone quarries we 
known to pioneers, and were worked 
as early as 1855. 
ties began about 1870, and the two 
occupying companies were organized 
in 1886 and 1903, respectively. The 


quarries are among the largest and 


The present activi- 


are said to be the deepest sandston 
quarries in the world (212 feet). 
About 75 per cent. of the workers 
reside in two small villages, the chie/ 
one, South Amherst, having a popula- 
tion of only 944 inhabitants, and th 
other, Ambherst, 2,485 
the remaining 25 per cent. live int) 


inhabitants 
country districts around the villages 
In the earlier years the customary 
day was 12 hours in the summer tl! 
and from 9 to 105 hours in the wi! 
but 1903 to 191s 
standard working day in all d 


time, from 
ments except the sawmills was 10! 
from 1919 to 1928, it was 9 to 10! 
and in the sawmills, 12 hours, | 
in the last two years when th 

mills have been operated on an avers 
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is per day. The week is 53 
| the sawing is done by wet 
usually with power driven 
- with a continuous flow of 
)* ; » them, but there is, never- 
dust 


considerable — fine SUS- 


jie? 
‘i }y i 
wer 


vorked 
activi- 
ie two 
anized 

The 
t and 
dstone 


MiG. J 


While 


turnover 


n the atmosphere. 


considerable labor 


younger and more recently 


, men. the older men are 
yr tn 
iv and there are many who 
iii niploved for from twenty- 
VY@Cars. 
‘T) - , 
SIN PRESENT STUD) 


rom the American Medical 
Of S1,000 for X-ray films, 


is and loans, ineluding 


pment largely furnished 
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by the Welley-lhoett) Manufacturing 
Company, Covington, IKv., and total- 
ing upward of 85,000, and the kindest 
co-operative spirit on the part of all, 
the 
plovees, made it possible for one. of 


including emplovers and em- 





The Buckeve Quarry, 212 feet deep, South Amherst, Ohio, 


us (ID). J. 


making of 919 pairs of stercoradio- 


IX.) to proceed with the 


grams On as many employees, using a 
stationary \-ray outfit at the quar- 
All the men had been pliysieally 

the 
with 


ries.” 


examined by the physicians of 


companies within the year, 


limited findings of pulmonary afffie- 


tions. 


\ecknowledgment is due Dr. Wkennon 
Dunham of Cincinnati, aspecialist in tuber- 
culosis. for reviewing all films diagnosed as 
tuberculosis, and for checking over the 
several classifications of silicosis, 
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~~ 


the 260 
)» per cent., had 


A summary of our preliminary find- Furthermore, of 
the 
L927, issue of the Amerfcan Journal of 
Public Tealth (A). Our 
data, in brief, are shown in Table 1 and 
Chart 1. 


Ings was published in August, but 13, or 


losis. The total tuberculosis k ve 
completed = 1.9 per cent. for these 912 \ 
the 


tuberculosis incidence cited fo: 


ni " . 4 
" i . 3 
“2 dies 
« S 
ee 


practically same as. {| 


pm a 





MiG () 


Thus, Table 1, 


eraphie chest examinations show 260, 


from stereoradio- 
or 2S. per cent., of the 912. workers 
LQ have VALTIOUS 
26. | 


additional workers ice) have 


with readable. films 


staves of silicosis, and 23S. or 


per Cent... 
Increased filbrosis. but there Were only 


ib. or 1.4 per Cent with sili@osis plus 


tuberculosis, and 5, or 0.5 per cent., 


with tubereulosis without silicosis. or a 


total ot 1.9 per Cent. with tubereulosis. 


‘Turning grindstones, 


industries in the United Stat 
that 
population hy 


ePXISt ID t | 
the I) 


Demonstration (3, p. 10) wh 


found to 


| per cent. of active cases 
eent. of arrested cases. 

It will 
that the 
for 


also be seen fro! 
average 
the 
silicosis is over twice that 


the 


eXpPosul 7 


vears Initiation ol 


South Afriean inves! 
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9), which is 7.5 years.” In view There was, likewise, a surprisingly 
he high content of silica (SiQ.)— low incidence of disability in workers 
99 to 97 per cent.—in the Ohio sand-_ with silicosis: Cough was a prominent 


é 


— 


P\BLE 1.—STEREOSCOPIC X-RAY CHEST FINDINGS OF ALL WORK- 
= \IEN EMPLOYED, BY DEGREE OF SILICOSIS INVOLVEMENT, 
ray MEDIAN AGE, AND AVERAGE YEARS OF EXPOSURE 








| 
| | | re 
AVERAGE 
| | MEDIAN | 
CLASSIFICATION | NO.  |PER CENT. aie | EXPO- 
| | see | SURE 
™ “ " 
| yrs, urs. 
} 
Mesentially negative............... SED acgts 409 44.5 | 27 3.78 
ised fibrosis ee oe ok we | 258 | 29.9 | 36 | 7 Al 
j ' i 
Begin! ing silicosis! : ‘ ; , oe LSO 19 6 AQ) 16 24 
lerately advanced silicosis? oe: 45 4 9 52 21.82 
r advanced silicosis® $a Tre ae | 22 | 2 4 AQ | o7 OD 
| a : a 
Silicosis plus tuberculosis®............ vere 13 | 1 4 41 | 16.15 
bereulosis without silicosis vr D QO 5 4° | 13.00 
not readable me sin an 7 | 0.8 
tals eee ee ee anh Sy ak ’ een 919 100.0 
’ ry . . . | 4 . . 
4 his stage corresponds, we believe, to the ante-primary stage of the South African 


Our description reads: 
Beginning Silicosis—In addition to a generalized fibrosis involving the bronchial trun! 
ting to all parts of the lung field, there is a diffuse, discrete, punctate mottling, which 
» follow the bronchial trunks into the lung substance and which in the stereoscope 
ears as buds on the branch of atree. We have arbitrarily given the name of “bronchial 





to these discrete shadows.”’ 





tage corresponds, we believe, to the primary stage of the South African reporter 
ription reads: 
lerately Advanced Silicosis—The same changes are noted as in beginning silicosis 
that we see the bronchial buds more widely separated and of a larger size.’ 
e stages correspond, we believe, to the secondary stage of the South African re- 
Our description reads: 
l'ar Advanced Silicosis—The same shadows are here again seen as observed in the two 
‘ groups excepting that now the enlarged buds of the moderately advanced stag 
ilesced and become conglomerate, and we find consolidation taking place. In addi- 
viscera of the mediastina may be displaced to one side or the other due to the con- 
n of the fibrous tissue. In several of our cases the trachea and heart shadows were 
bly distorted from their normal relations.”’ 
sis with Tuberculosis— . . . . showing combined pathology of silicosis and 


s delayed silicosis is, in itself, symptom in only twenty-five, short- 


ble. ness of breath in nineteen, expectora- 
tion in eleven, loss of weight in ten, 
f ‘Kins-Pitchford (5, p. 125) shows 
rage for European miners in 
nes of the Rand is 9.44 vears for tum examinations were nol made. 

oar TT , - 092 9 a e . 
} ir pe riod ¢ nding 1923 to 1924, These major symptoms QO] tubercu- 

e year 1923 to 1924. it was 10.25 , 


and pain in the chest in eight. Spu- 


losis were, however, about equally as 








frequent in the 71.5 per cent. who did 
not show silicosis. Hemoptysis was 
found in but one case. 


rate of 50.4; the 
the quarry villages alone wo; 
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total deaths 


}) 


oe 


or an average annual rate of Jje< 
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CHART 1.—Showing the extent of silicosis and other X-ray chest findings in 9] 


workers. 


learing that the more disabled work- 
men were not at work, we next turned 
to the community health as expressed 
in tuberculosis figures. 
us (C. D. B.) 


tubereulosis 


Here one of 
the 
figures for 
Table 2 shows the 
records for 1921 to 1926, inclusive, 
and the population figures of the 1920 
Census, which were used in determin- 
ing the average annual rates per hun- 
dred thousand (see also Chart 2). 


recourse to 
mortality 
Lorain County. 


had 


The total deaths from tuberculosis 
for the entire rural and village popula- 
tion of Lorain County, both sexes, 
were lll—an average of 18.5 deaths 
per year, or an average annual rate of 
56.3 per hundred thousand; the total 
deaths for the rural districts and 
villages exclusive of the quarry vil- 





lages were 89, or an average annual 


and the total deaths for Lorain | 
140, or an annual rate of 62.6. T! 
while these figures are small, t! 
apparently an approximate] 
tuberculosis death rate in th 
district and 
compared with the rest of 
and village population of tiv 
and this rate was 70.6 per 
of that of the neigh! 
industrial city of Lorain, Oh 
Lorain County, however, 
much lower tuberculosis deat 
56.3, both than the 


town | 


(villages 


CeXCeSS 


SseACS, 


* Lorain’s chief industry 1s, | 
National Tube Company, a su 
the United States Steel Corpora 
employs some 7,000 to 9,000 p 
estavil 


was one of the first 
America to install a Safety 
Division, upon which million 


have been expended. This 1s u! 
reflected in Lorain’s low tubercu 
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state of Ohio, 82.5, for the 
in question (Table 3). Like- 
‘ndustrial districts invariably 


Some six chemical analyses are on 
record (6) showing the nature of the 
sandstone, two of which are presented 


TUBERCULOSIS IN LORAIN COUNTY (ALL FORMS, BOTH SEXES) 








| | 
| NO. OF | NO. OF | AVERAGE] AVERAGE 


POPULA- | CASES DEATHS | ANNUAL | ANNUAL 





TION RE- RE- | CASE | DEATH 
| 1920 | PORTED,| PORTED,; RATE | RATE 
| CENSUS | 1921- 1921- | PER PER 
| 1926 1926 | 100,000 | 100,000 


inty general district (7.e., 
of eities having 5,000 or more 





71 | 1 86 8 








| | 
| | 
n) eee er | 32,843 | | 56.3 
y general district exclusive | | | 
rst and South Amherst villages. 29,414 | 143 | 8&9 81.0 | 50.4 
and South Amherst villages | | 
nost of the employees reside)...| 3, 429 | 28 22 136.1 | 106.8 
(an industrial city 7 miles | | | | 
| | §2.6 


emekaws Can 37,295 | 249 | 140 | 111.3 





TUBERCULOS!IS 
DEATH 
RATE 


FAIN COUNTY (RURAL) 56.3 














(HART 2.—Showing comparison between tuberculosis death 
rates per 100,000 population, 1921 to 1926, inclusive, in per- 


tinent areas, Ohio. 


higher tuberculosis rates 
village, or city communi- 
the tuberculosis rates 
ut our previous findings of 
4n an average industrial 
incidence in the industrial 


‘red. 


in Table 4. Note the high percentage 
of silica (SiOz). 

The specific gravity of the sandstone 
ranges from 2.143 to 2.335 and the 
porosity from 15.87 to 16.23 per cent., 
depending on the variety of the stone 
examined. An average dry weight 
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per cubic foot is 140 pounds. The 
color is buff gray, often showing 


brown spots due to iron deposits. 


(COMPARISON OF PRESENT STUDY WITH 
OTHER SILicosts REPORTS 


In the United States, a study which 
most nearly compares with our own 
was that made by Jarvis, and pub- 
lished by Hoffman (7, p. 156), in the 
granite stone industry of Barre, Vt., 
where the rock worked had an average 
silica content of 69.89 per cent. (about 
20 per 


that in our 


[lere, 183 workmen, or 51.1 


cent. less than 
study). 
of 358 radiographed 


per cent., out 


satisfactorily, showed silicosis, and 
there was an incidence of 148 cases of 
tuberculosis, Or 34.7 per ecent., in 427 
examinations (evidently seleeted out of 
a total of 1,085 employees). Hofiman 
(loc. that the 


mortality rate from pulmonary tuber- 


also found cit., p. 27) 


culosis among granite cutters in Ver- 
LOG4.5° 


as compared 


mont was hundred 
108.3" 


for the general adult population (20 


per 
thousand with 
years of age and over) for the state of 
Vermont. 

More reeently Hlague and MeBain 
(S) have eompleted, in connection 
with gold mining in northern Ontario, 
one of the most extensive surveys on 
the North American Continent along 
the lines of pneumonokoniosis. Ap- 
1 OOO were @X- 
the basis of the South 
African nomenclature, ninety-four had 
or 6.1 
per cent, of the total, showed positive 
While these 


Investigators report very low incidence 


proximately miners 


amined, On 
compensable silicosis, and 247, 


or probable tuberculosis. 


> Exelusive of the last three months of 
LOLS 


I9loto LO 
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TABLE 3.—TUBERCULOSIS pry: 
RATE (CRUDE) PER 100,000 popr. 
LATION, FOR THE STATE op 
OHIO, 1921 TO 1926, INCLUSIVE 

BY URBAN AND RURAL 
DISTRIBUTION 


| RATE PER 100.000 





YEAR | sjanipanincepuitientndinenmteereiatn 
Urban tural | Anny 
1921 92.7 | 83.8 | Koy 
1922 88.9 | 79.5 | go 
| ? 
1923 87.8 | §2.6 RA § 
1924 «= | 829 | 797) Se 
1925 78.1 | 72.9 7 
1926 79.9 | 77.9 " 
Average | 85.1 | 79.4 89 


TABLE 4.—CHEMICAL ANALYSIS 0} 
THE SANDSTONE, SOUTH 
AMHERST QUARRIES 


A. Sandstone from Guar 1 NO 


Per | 
PRBOD CS Deki cc ccc cscweveenscwcess 2 
Alumina (AlsO3)......... 
Ferrie oxide (FesO;) eer 
Titanium oxide (T1iO.)....... ( 
Caleium oxide (CaO) 
Magnesium oxide (MgQ) 
Loss on ignition i 

NE owed sven ebadenwaa 
B. Specimen of Gray °C 
p 


Silica 
[ron carbonate... veer ree - 
Calcium ecarbonate......... 
Magnesium carbonate 

Water 


(oC oe 


| Analysis by Prof. D. J. Det 
State University. 
2 Analysis by Prof. J. H 
State Geologist. 
This total should read 102.5» 
impossible for the authors her 


the correction. 





w 
’ 


> 
» 





SILICOSIS WITH LOW INCIDENCE OF TUBERCULOSIS 


DEA ‘ slicosis, due, they state, undoubt- 
POPI adiy to a great admixture of other 
I: Of dusts with the silica, they still find 
7 ' shat “tuberculosis is the predominating 


-opjious factor but does not exist to 
nearly the same extent or virulence as 

000 ‘hat of South Africa.” 
In a letter under date of May 7, 


io i998. Dr. D. G. Robertson, Director, 

89 | Division of Industrial Hygiene, Com- 

62 monwealth of Australia, Melbourne, 

S0.§ simmarizes as follows certain Aus- 

iol tralian silicosis studies, which in the 

ne ease of surface workers may be fairly 

compared with our own (miners are 

" largely underground workers, except 
where otherwise specified): 

PS1S UI the Technical Commission on Miners’ 

rH Phthisis and Pneumonoconiosis at Broken 

Hill (9) in 1921-1922 examined 2,618 miners, 

nd of these 266 presented signs of pneu- 

monoconiosis, and 107 uncomplicated tu- 

Per | erculosis. Of the 266 men with pneu- 

2.) monoconiosis, 102, or 388 per cent., had 

pulmonary tuberculosis. 
14 The Technical Committee of Inquiry to 


nvestigate the Prevalence of Silicosis and 
0.0 luberculosis among Stonemasons, Quarry- 
Sewer Miners, and Rockchoppers in the 

sydney district (10), 1924, 

123 of whom were found to exhibit 

Of these 123 men 38, or 31 


, were complicated by tuberculosis. 


examined 716 


ns of silicosis. 

er cent 
ther 16 men were found to be suffering 
irom simple pulmonary tuberculosis. 

In 1922, 136 working miners were exam- 
ned clinically and radiologically at the 
ommonwealth Health Laboratory, Ben- 
digo, and of these 90 were found to be suffer- 


rom silicosis. 


( 


Kight of these 90 men, 


f 
; 


per cent., 


‘ 
j } NN) 


had tuberculosis as a com- 


‘he Commonwealth 


Department of 
in 1925-1926 examined 4,067 mine 

in Western Australia (11). Of 
e798, or 19.6 per cent., presented definite 


Pa 
ryeye Ot 


“pulmonary silicosis, and 155, or 
rcent., of tuberculosis, 12 of the latter 
ng tuberculosis without silicosis. [This 
livalent to 17.9 per cent. tuberculosis 
licoties. | 
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This last report also shows that 
surface workers numbered 1,759, of 
whom 117, or 6.6 per cent., had sili- 
cosis (about one-fourth the rate in our 
investigation); twenty-seven, or 1.5 
per cent., had silicosis plus tubereu- 
losis, and six, or 0.3 per cent., had 
the tuberculous 
totaling thirty-three, or 1.8 per cent., 
of the total examined (and 27.3 per 


tuberculosis alone, 


cent. of the incidence rate for silicosis). 

In our study, of seventeen trade 
processes showing from 20 to 56.5 per 
cent. of silicosis and involving 661 
men, 484, or 73.2 per cent., of the 
workers were employed out of doors. 
(See Table 5 and Chart 3.) 

Heffernan (12), in 1926, found that 
workers might be exposed to silica 
dust, as in the manufacture in Derby- 
shire of bricks from pocket silica sand, 
without the development of silicotic 
fibrosis, but in no reports, to our 
knowledge, has any considerable per- 
centage of silicosis been reported 
without an associated high incidence 
of tuberculosis, usually in the neighbor- 
hood of from 20 to 380 per cent. or more. 
In no other studies, to our knowledge, 
has a silicosis figure as high as 28.5 
per cent. been associated with a total 
tuberculosis figure as low as 1.9 per 
cent. The question therefore arises 
whether silicotie fibrosis is necessarily 
provocative of tuberculosis. A study 
of races is shown in Table 6 and 
Chart 4. 

[t will be seen that, in descending 
order, the Russian, Polish, Assyrian 


and Syrian, Scotch, and Slavic races 


have the highest relative suscepti- 
bility to silicosis; the Hungarian and 


[talian the next highest; the 
English, German, and Swiss the next; 


the 


races 


and American, miscellaneous, 


Irish. and Seandinavian the lowest. Of 
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TABLE 5.—YEARS OF EXPOSURE (MEDIAN) BY OCCUPATIONS AND By SILI. 
COSIS INVOLVEMENT FOR 907 SANDSTONE QUARRY WORKERS 








GRAND NON- | 




















TOTAL SILICOTIC SALICOTIC | 
TRADE PROCESS —- — | 
No. }| Yrs. | No. | Yrs. | No. | Yrs. a | 
ent, 
Grindstone workers!.................000 6. 2115 | 10 | 3 | 13 | 23 | 56; | 
Curb yard workers.......................-.| 80 | 15 42 3 38 | 25 | 475 | 
NN yoyo aseans cen cawendoesenaos 22 | 8 12 | 2 10 | 16 | 454 | 
Hookers............0cccceccccecececeueees 34 | 4+ | 20 |] 3 14/11 | 419 
ee ere ree rrr 154 4+ | 92 1+ | 62 | 17 | 40.3 
eee Pee ea me meer 15 5 8) 5 6 6 | 400 
ae ort tye i tive w hh os 23 | 12 14 | ll 9 | 13 | 39] 
Derrick rummers....... 6... ccc c cece ececes 37 | 14 23 | 12 14 | 15+ | 372% | 
OR Br 15 3 10 1 5 15 =| 333 | 
Channel machine operatives.............. 82 3 56 1 26 112 | 31.7 
Mill yard laborers.................. 00005. 23 2 17 1 6 | 11+ | 26.0 
A Se ee re 35 | 10 26 3 9 | 21 25.7 
oe oa we ERAKE OAD eed OH OS 30 1 23 1 7 | 14 23 3 
a ee ee 27 14 21 S 6 | 144+ | 222 
PA» eh ooo ws neue oud kine 37 4 29 3 8 | 14 | 21.6 
Steam shovel operatives.................. 14 2+ ll l 3 | 19 21.4 
Engineers and firemen (stationary)!.......| 10 8 8 2+ 2 |16 | 20.0 
ET Mitel etalk bol Od a oo 04% bore OR 21 12 17 7 4 23+ | 19.0 
Railway employees...................00.. 27 4 22 4 5 2 18.5 
a actu enins 54. $054 ge eetnnes eed 6 1 5 1 1 | 25) | 16.7 
PE iss Rs doce nuke nevesrceares eased 13 | 12 11 | 12 2 |15 | 154 
EB | 33 l 29 1 4 | 10 12.1 
Ee eee 8) 18 s 13 1 | 23 11.1 
kd a obh kde a bbeebandecexaede 46 2 43 1+ 3 | 14 6.5 
ED, 5 ba6y koe cdddi4004 40s aeeeees 40 3 38 3 2 | 18 ).0 
cas cae ric ua ae 66445 FeO RE ADEA EEOD 16 8 16 8 
Carpenters! eee wie eae 15 3 15 3 
Electricians. . LAN ELAA TE Reda ae eee eAN 10 5 10 5 
BOOMOP MRAMOTS .. ww... cece se sees ere 4 4 4 4 
ee 6 | 25 6 | 25 
TT Cite Cote cedenane tebe doeaures sae Beh wewe DO LE xcce.d Be oases oe 


























1 These trade processes have inside employment; this feature appears to have had litt! 
influence in the production of silicosis. 


the thirteen cases of silicosis plus certain races appear more susceptible 
tuberculosis, and the five cases of to silicosis than do others, this ul- 
tuberculosis without silicosis (these doubtedly depends more upon tle! 
five are not shown in Table 6), four respective exposures in various 0¢¢l 
were German, three Russian, two  pational processes than upon [ac 
American, and the remaining nine These race statistics show nothing 
cases were scattered among as many therefore, to explain the low incident 
races. While it is probably true that of tuberculosis. 


pep, 4 
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Cuart 3.—Trade processes of quarry workers in relation to silicosis, indoor and outdoor 
ployment, and years of exposure. 
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HART 4.—Predominant racial origins of quarry workers, and silicosis. 
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TABLE 6.—YEARS OF EXPOSURE (MEDIAN) BY RACES AND BY SILICOs]s IY. 


VOLVEMENT FOR 907 SANDSTONE QUARRY WORKERS! [~~ 
GRAND | NON- — | sala a 
TOTAL SILICOTIC? | = 
RACE : — [a CEP] 
No Yrs | No. | Yrs No Yrs Per ay 
Cent.) FA 
Crerman?® ee weal ae 10 152 3 61 24 28.6 | 1.19 
American | ca 125 “ 106 | 2 ly | 18 13.8 | 0.77 
Hungarian? : Se: 75 | 2 45 123 | 37.511 
Polish® | | | s2 | 4 48 | 2—]| 34 | 15-1] 41.5 ]07 
Russian? | , tl 5-4 23 4 18 | 13 43.9 | 3 2 
Scotch® | | 58 | 54+ 1 32 | 2 2% 118 | 44.8 | 2 40 
Menglish® rey se oO ) 16 a+ 10 | 14 | 17.8) 1.97 
Swiss? yore oe 71 a: taad 14 /174+ 1197/14 
Italian? rehsa 27 «(| «Ii 21 | 5 6 | 15 22.2 | 1.48 
Irish® | 19 3 16 | 2 3 | 26 1I5.8!06) 
(Assyrian and Syrian . 21 11 13 6 s 14— | 38.1) 279 
Slavic | or 48 2 | 33 ! 5 | 15 $1.2 | 2 = 
Seandinavian 16 2 15 2 l 23 6.2 | 0.27 
Miscellaneous 12 2 10 l 2 24 16.7 | ( 
Totals. eed 907 . | 647 .... | 260 ieee, (ee 


'(Of the 919 workers, 7 are omitted because the films were not readable. and 5 tu! 


} 


culosis cases are omitted which showed no silicosis involvement. These were: 1 Hu 


garian and 1 English with 1 year’s exposure, 1 Slavic at 5 years’ exposure, 1 Polis! 
18 years’ exposure, and 1 [rish at 40 years’ exposure. 

* Consists of essentially negative, and increased fibrosis. 

’ Consists of beginning, moderately advanced, and far advanced silicosis, and s 
with tuberculosis 

‘Obtained by dividing the percentage of silicoties by the median years of expos 

Pure and mixed stocks combined. 


It takes only a glanee at the statis- times more silicoties than non-silicotics 
ties or the charts to note that the (Chart 6). 
degree of silicosis has varied in propor- Heffernan (12) suggests that 
tion to the years of exposure except harmlessness of silica dust, 
that silicosis plus tuberculosis mani- production of silicosis, may lie 1 ' 
fested itself as early as beginning fact that the quartz grains are coal 
silicosis, v7z., after about fifteen years’ with a kaolinitie or clayey ma! 
exposure (Chart 5). It is also inter- Feeling that some such expla 
esting to note that few men suffered might also account for the p! 
from silicosis under 25 vears of age, of silicosis with low incidence 
but that at 34 vears of age there were tuberculosis, we asked Prof. WV) 
as many men silicotic as non-silicotic, MeCaughey, Head of the Dep: 


and, again, that after 44 years of age of Mineralogy, Ohio State (1 


there were usually as many and some- to make an examination 0! 
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dstone for us. He reports as 


composition of this rock 1 


The 
& sandstone composed of 


rtz tIragments ofl average 





diameter, 


0.25 mm The 


rat 


predominant mineral is 


I 


hardness. 


H 


warez 


eee oe ee 








Showing the number of quarry workers in each year of life, 


I] ire ralogical 


} 


her varied. 


(tH 7)? 





which exists as clear, transparent grains, 
and also in much smaller amounts as chal- 
cedony. While the quartz particles are 
subangular, they do not come to sharp 
rounded off 


(carbonate of Ca, 


somewhat. 
Mg, Fe) is 
the next most abundant mineral. It occurs 
in single grains scattered through the rock, 


points, but are 


Ankerite 


as interstitial mineral between other grains. 
It is not evenly distributed in the rock, but 
forms discontinuous bands through the rock 
and is probably secondary, as it so fre- 
The 
index of refraction of the ordinary ray of 
this carbonate mineral is 1.715, which indi- 


quently ‘‘moulds”’ the other minerals. 


cates ankerite of a composition of 60 molecu- 
lar per cent. of CaMg(CQOs;). and 40 molecu- 
lar per cent. CaFe(COs3)s. 
iron rich dolomite and has a hardness of 


3.5. Feldspar is the next most abundant 


Ankerite is an 


mineral occurring in considerable quantity 
as orthoclase, microcline and albite (H=6). 
The orthoclase is very much altered to a 
soft The 
and albite are as fresh unaltered fragments. 


kaolin and sericite. microcline 
Pyrite is also present in the thin section as 
tiny particles (H1=6) often showing a halo 
of iron oxide, due to weathering and oxida- 
tion. Other minerals present as accessory 
minerals, but in amounts probably not as 
much as 1 per cent. of each, listed in the 
order of their occurrence are iron oxide (lim- 


(H = 
chlorite 


onite); hornblende (H=5.5); zireon 
6.5): the micas, muscovite 
(l11=2): and rutile (H 


The mineralogical constitutions of the two 


and 


6.5). 


dusts or powders do not differ of course from 
the rock itself, 
kerite amounts to 5 to 10 per cent. 
light 


probably around 3 or 4 per cent. 


In the heavy dust the an- 
. The 
a much lower content, 
The light 
dust is much finer grained than the dark 
dust, 


powder has 


but the light dust is darker in color, 
due to iron oxide stain. The pyrite in the 
dust evidently oxidizes readily for it is not 


easy to find pyrite (FeS,) in the dust, but 


instead stains of oxide and particles of 
limonite (2 FeQO,-3 H.O). 
The ankerite frequently shows signs of 


oxidation turning to a brownish color and 
showing characteristic absorption of this 


minerat 
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I would hesitate to discuss the p} 
cal effects of any of these minerals jp 4)... 
deposition in the lungs of workers 
but I might point out the properties 95, 
of the minerals present, one in considers: 
amount, viz., ankerite. It might have an 
bearing on the problem that the numbp- .: 
those dying from tuberculosis is such a i 
part of those suffering from silicosis 

Ankerite is a solid solution of cart 
of calcium, magnesium and ferrous | 
and gives a slight alkaline reaction. Woy | 
the astringent property of the iron be of q:- ¢ 
significance? It is a mineral that de 
poses easily, both because it is a car} 
very slightly soluble in water (about | 
equal to calcite or dolomite) and is easily , 
decomposed by the oxidation of the fer 
carbonate to form the hydrated oxid | 
iron. 


roi) 
LVS10 


The pyrite in this sample, while 
in amount, seems to be very readily 
dized and of course would form ferrous s 
phate, and acid. Would 
oxidation of the pyrite in the lung 


sulphuric 


bined with its astringent effect, be of p 
phylactic value, against tuberculosis 
It will be noted from the foregoing 
description of the rock that (1 
quartz (silica) crystals are obtus 
rather than acute | 
it seems generally 
physical structure of 
silica, in the nature of sharp or sp! 


angled and, 
accepted that 


particles 


lated edges and points, is secondary 
the cause of lung pathology, we belie 
this fact should be noted herewith; an 


(2) the matrix or bond holding 
quartz granules together, and 1 
senting from 3 to 10 per cent. 


mass, is of a rather rare mineral ¢ 
ankerite, composed of carbonates 
the earthy metals and iron, oi si! 


of kaolin forming substances, 


, ~~ 


the sulphides and oxide of iro 


ry! 


of the matrix substances 


when in sufficient amount, 
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syown by others to have a protective 
nfluence against the silicotic and the 
+ therculous processes in the lungs. 
\We are, of course, without imme- 
jate proof that the petrographic 
sharaeteristies of this rock explain the 
anomaly discussed, vzz., high incidence 
silicosis with low incidence of 
-ybereulosis, but a presentation of all 
‘he facts at hand would appear to 
support this assumption. It would 
seem highly advisable that future 
-jlicosis studies should be correlated 
with both the chemical and the petro- 
vraphie characteristics of the stone 
dust involved. 


SUMMARY 


One of the largest and deepest 
sandstone quarry districts in the world 
has been worked in northern Ohio for 
ver fifty years. Employment has 
been fairly steady for years. Many 
of the workmen are engaged in the 
elaboration and dressing of the stone 
n addition to quarrying. 

\ stereoscopic X-ray examination 
was made of each of the 919 workmen, 
' which number the films of 912 
workmen were readable. Of this 
iatter number, pulmonary pathology 
vas found in 55.1 per cent., including 
-5.0 with silicosis in various stages. 
The total tuberculosis, however, was 

it 1.9 per cent. Likewise general 
usability was low. These findings 
relatively closely with those of 
\uberculosis statistics for the 
inity. The period for develop- 
icosis, namely, 16.24 years, is 

‘wice that reported elsewhere. 

< has an average content of 


19 to 97 per cent. crystalline 


“sit * 


A study of silicosis reports through- 
out the world indicates that tubercu- 
losis is usually present in from 20 to 30 
per cent. or more of the cases of sili- 
cosis, but of our 260 men with silicosis 
only thirteen, or 5 per cent., had 
tuberculosis. 

An analysis of ages, years of expo- 
sure, trade processes, whether indoor 
or outdoor employment, race stocks, 
and the chemical composition of the 
rock fails to offer an explanation of the 
anomaly. A careful petrographic 
study of the rock shows that the 
crystals are obtuse rather than acute 
angled and that the matrix or bond 
holding them together (which chemical 
analysis shows is not over 3 to 8 per 
cent. of the mass), is composed of car- 
bonates, silicates, kaolin forming sub- 
stances, and the sulphides and oxide of 
iron. Whether or not the nature of 
this matrix offers an explanation we 
have no immediate proof, but such 
would seem probable. We _ suggest 
that other silicosis studies should in- 
clude a careful analysis of the rock 
itself, from both chemical and petro- 
graphic points of view. 


For this investigation the authors wish 
to acknowledge the support of the Com- 
mittee on Scientific Research of the 
American Medical Association (Grant 88); 
the Graduate School Fund of the Ohio 
State University; the X-Ray Department 
of the Starling-Loving University Hospital; 
the loan of several thousand dollars’ worth 
of high class X-ray equipment by the 
Kelley-Koett Manufacturing Company of 
Covington, Ky.; the services of representa- 
tives and experts from the Eastman Kodak 
Company and others; and the whole- 
hearted support of the officials of the Ohio 
Quarries Company and the Cleveland Stone 
Company in whose quarries the studies 


were made. 
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IV. THE 
SEPARATION OF PARTICULATE MATTER SMALLER 
THAN SCREEN SIZES INTO GRADED 


‘UMMINGS, B.S. 


From the Saranac Laboratory for the Study of Tuberculosis 


The Edward L. Trudeau Foundation 


first requirement in this program was 
to obtain dusts of the sizes found in the 
lungs of silicotie individuals. Green- 
burg (1, p. 767) has stated that: 


It is also of much value to have 
knowledge of the weight of the dust; but 
because of the fact that it is practically 
impossible to separate the particles less 
than 10 microns in size from those over 10 


fer STUDIES ON EXPERIMENTAL PNEUMONONKONIOSIS. 
ber l. 
Bu TONS * 
, FRACTIONS* 
irther ‘ 
‘act Donap E. ¢ 
t. La. 
Val 
“ 4 VIDENCE from many sources 
“ton has led to the generally ac- 
4] cepted opinion that free silica 
a particularly injurious industrial 
\ list when inhaled by workmen. In 
seeking to explain this injurious qual- 
\ 
ane | ity, several suggestions have been 
Dey fered, based upon various forms of 
yg experimental evidence. It has been 


proposed that the hardness and the 
sharpness of the inhaled particles pro- 


: luce sufficient irritation to bring 
yout the pathologie changes associ- 
ted with silicosis. Again, it has 
een suggested that the silica par- 


ticles dissolve in the alkaline juice of 
he lung and give rise to the highly 
‘oxic substance, silicie acid. Another 
explanation is based on the theory that 
‘he inhaled particles behave like the 
lloidal sols of silicie acid, which ad- 
rb various substances and 

ently produce reactions. 

Because of the lack of a generally 

| explanation of the cause of 
uanges encountered in silicosis, 


COnDSe- 


tLe 


poratory has proposed to test 
quantitatively as possible 


irlious theories offered. The 


‘tor publication April 29, 1929. 





microns in size, and thus obtain the weight 
of the injurious particles (those capable of 
gaining access to the lung tissue), and also 
because one large particle may weigh many 
hundreds of times more than a smaller one, 
the weight of a given sample of dust must 
be used only as an additional guide in the 
interpretation of results, and then with 
some degree of caution. 


The method to be described not only 
has been used to obtain 
separations of particles greater than 
10 10 
microns; but it has provided a means of 
securing graded lots of particles rang- 
ing from 0.5 micron upward into the 
Quantities of these va- 
rious separations sufficient for analysis 


clean-cut 


microns from those less than 


sereen Sizes. 


and for experimental work with ani- 
mals have been secured. ‘The number 
of particles per gram of dust has been 
determined for quartz and will soon 


be reported in another paper. 


IAS 
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The separation of particles by sedi- 
mentation has been employed both 
in the laboratory and in industry for 
many years. In general, the methods 
employed consist in settling dust in 
fluids ranging from air to liquids of 
varying specific gravity and viscosity. 
When particles which differ in size but 
not in specifie gravity are suspended in 
a fluid, they settle at varying rates, 
owing to the difference in the resist- 
ance offered to the particles by the 
fluid. Large particles with a rela- 
tively small surface of resistance per 
unit of mass settle more rapidly than 
finer ones which are still sufficiently 
large to settle out. These large par- 
ticles are therefore the first to appear in 
a sediment from a suspension, or they 
collect in the lower layer of a suspen- 
sion which starts settling from the up- 
per surface of a fluid. 
of dust 


A given sample 
therefore be roughly 
graded into fractions, either by collect- 


may 


ing the sediments after various periods 
of settling, or by withdrawing different 
layers of the fluid suspension as soon 
as the larger particles have reached the 
bottom of the container. 

When air is used as the suspending 
fluid, all but the very fine particles are 
settled out rapidly. Convection cur- 
rents, however, are troublesome, and 
the mechanical difficulties encountered 
in drawing off separate fractions of the 
suspension do not adapt the method 
[t has also 
been noted that the very finest par- 


to laboratory apparatus. 


ticles tend to clump when they collide 
with each other in the air and then 
This 


method, however, is useful for obtain- 


settle as a single large particle. 


ing extremely fine dusts, since particles 
which remain in suspension after three 
hours of foot of 


sedimentation per 
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settling distance are not over 0.5 
cron in diameter. 

The method most commonly se) 
in laboratories consists in settling dy 


mi. sh 


LUST 


in a tall, narrow vessel such ag S04 
graduate. This method has seyera| 


disadvantages. First, it is diffiey) lay 
to decant a suspension from such » 
container without disturbing the seq). 
ment. Second, the settling distance js ra 
so great that small particles requir im 
extremely long periods to settle ou 
Third, if layers of the suspension ay 
recovered by decantation or siphoning, 
eddy currents are created which upsei 
the separation. This method may be 
used advantageously for the removal 
of very large particles from a dust. 
however, by allowing a suspension to 
settle only a few seconds, and then 
decanting the supernatant suspension 
into another container. ‘The sediment 
will consist of the large particles which 
settled out very rapidly. 

The use of liquids of high viscosity 
for the settling fluid has the g 
objection that these liquids must later 
be removed, and this process is gener- 
ally long and troublesome. Only 
very slight advantage is to be gained 
from settling in a liquid of a differen’ 
specific gravity from that of water. Ii 
the specific gravity of the fluid is les 
than that of water, the settling tim 
for a given size of dust will be short | 
than in water, but only by a smal 
amount. So few liquids of highe! 


vats 
Cd 


+ 
y 


specific gravity than water are prac 
tical that this case hardly needs @ 
cussion. 

From a consideration of these met! 
ods and their disadvantages, the 10° 
lowing points are to be observed 
obtaining the best results by the * 


mentation process: First, the au 














ming. 
Upse | 
ay be 
noval 


dust. 


suspending fluid. 
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ould be uniformly dispersed in the 
4, 1 in which it is suspended, and con- 
pre should be such that the par- 
tia do not tend to form aggregates. 
seond. recovery of the sediments 


olds better results than recovery of 


‘ayers of the suspension. Third, the 


see of the suspending fluid should 
based upon a consideration of the 
ange of particle desired. 
rourth, the container should prefer- 
sly be broad and shallow. Fifth, 
“pro ess should be carried out in a 
“oom relatively free from temperature 
anges and vibrations in order to 
liminate interference with the suspen- 
ion by convection and eddy currents. 
in settling dusts ranging between 0.5 
icron and 50 microns in size, a water- 


sizes 


cohol mixture has been used as the 
The addition of the 
cohol to the water serves two pur- 
poses: First, it wets the particles very 
readily, thus aiding in dispersing the 
ups of smaller particles which 
to settle as one large particle. 
“econd, beeause of the lowered sur- 
adhere 
uly to the bottom of the container 


e tension, the sediments 


i there is little or no contamination 
supernatant suspension incident 
'o decantation. 


broad, flat dishes are used which are 


ept on a level table in the center of 
room. ‘This procedure has proved 
be satisfactory if the dishes are 
i with a glass plate. 
“uspensions may be made of any 


concentration up to about 2 
lleavier suspensions than 
not practical owing to the 
in obtaining a uniform dis- 

i the dust, and also to the fact 

cred settling takes place. 


EXPERIMENTAL PROCEDURE 

The dust to be separated is thor- 
oughly dried in the drying oven and is 
then passed through sereens suitable 
for separating particles larger than the 
upper limit of the size desired. Dust 
passing through a 270-mesh sereen has 
been used for the separations illus- 
trated. 

Twenty-five grams of this screened 
material are spread evenly over the 
bottom of a large, flat, glass culture 
dish 22 em. in diameter and 8 em. 
deep. Dilute 125 ¢c.c. of 95 per cent. al- 
cohol to 250 ¢.c. and pour this mixture 
slowly into the dish, and at the same 
time work the dust to a smooth paste 
with a rubber “‘policeman.’’ Add to 
this suspension a liter of water, stir 
constantly, and continue the agitation 
until a homogenous suspension is ob- 
tained. 

Just as the agitation is stopped, the 
time is observed and the dust is al- 
lowed to settle for one-half minute. 
The supernatant suspension is care- 
fully but 


second container of the same size. 


quickly decanted into a 


The time is noted at the end of the 
decantation, and this suspension is 
now allowed to settle for one minute. 
The, supernatant fluid is 


as before into a third container, where 


deeanted 


it is allowed to settle for two minutes. 
This process is continued, using twice 
the length of time for each succeeding 
sedimentation until after the eighth, 
or sixty-four-minute, sedimentation. 
It is then decanted into a dish in which 
it is allowed to settle for twenty-four 
hours. From this, it is decanted into 
another dish and allowed to settle for 
two days, and finally into a dish in 


which it settles for four days. The 
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dust is roughly classified by this first 
process; the largest particles are found 
in the sediment of the first container, 
and the finest in the last. Dust re- 
maining in suspension after four days 
of settling is in such violent brownian 
movement that it will remain sus- 
pended practically indefinitely. 

In oraer to clean these fractions, the 
‘fines’? must be removed by further 
washings. Therefore the sediment in 
the first dish is again brought into sus- 
pension in a liter of the water-alecohol 
mixture by rapid agitation, and is 
allowed to settle again for one-half 
minute. ‘The supernatant suspension, 
which contains a mixture of ‘‘fines,”’ 
is decanted as before into the dish 
containing the sediment which settled 
out in one minute in the first classifi- 
cation. All the dust in this dish is 
then brought into suspension, allowed 
to settle for one minute, and then de- 
canted into the following dish. This 
process is continued through the series 
and the whole operation repeated as 
often as is necessary to obtain a clear, 
supernatant fluid in the settling inter- 
val. Beginning with the third sedi- 
mentation, water is used rather than 
the water-aleohol mixture. 

When the supernatant fluid is clear 
at the end of a washing, it is discarded, 
and the sediment is carefully trans- 
ferred to a watch glass with the aid 
of a rubber “policeman.” The sedi- 
ment is then dried in the oven and 
finally transferred to glass-stoppered 
weighing bottles. 

Throughout the process it is advis- 
able to check the thoroughness of the 
separation with the microscope. If, 
after the supernatant fluids are clear, 
there is still considerable variation in 





the size of the particles, it is adyisa}) 
again to divide each sediment into ;,. 
parts. The sediment which ¢,. 
pletely settles in four minutes ; 
brought into suspension again and 9). 
lowed to settle for half its yy 
settling time, or two minutes, and ¢}) 
the supernatant fluid is decanted jy; 
a clean container. Both of these frae. 
tions are then settled separately for ¢}, 
original time interval of four minutes 
This division may be repeated on eae); 
fraction until the dust falls with) 
the desired limits. No specific info; 
mation can be given for the number 
of washings necessary to secure clean 
separations, inasmuch as every samp: 
of dust will contain varying propor- 
tions of ‘‘fines.’”’ Three to five wasb- 
ings, however, are usually sufficient 
for excellent results. 

If a dust of some one particular siz 
is sought, the time of settling is deter- 
mined by Stokes’ law as shown in this 
paper. Several separations of shor 
intervals are then made, such as one- 
half, one, two, and four minutes 
This frees the suspension of thi 
coarse particles. The suspension 
now settled for a period of Just one- 
half the time interval calculated. [It 
is then decanted into another dish i 
which it settles for the calculated time 
interval. The sediment in this last 
dish contains the particles desire: 
together with many finer particles 
These “fines” are now removed by 
washing the sediment as described. 


OBSERVATIONS 


The illustrations shown in ligures 
1 and 2 are photomicrograp!s 
quartz particles which were sep?! 
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Was 
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material 
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then each fraetion was sub- 
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washing for the full time 


rticles from each separation 
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eter normal 


The averages — of 
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nns of Pabli 
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QO 
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small 
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he order they appeared in the 
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second and 
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by Stokes’ law. 


lIrgest 
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velocity may be 


The diam- 


particle which may 


le aeceording to 


is discussed on page 255. 


‘particles settle 3.5 em. in 


time intervals, the veloci- 


ng are obtained by dividing 


distance in centimeters by 


settling in seeonds. 


These 


viven in Table 2. 


? 


cter of a given particle is 


iby inserting these veloci- 
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PABLEE 1.--OBSERVED DIAMETERS OF 
QUARTZ PARTICLES SETTLED 
IN WATER 


DIAMETER 
SETTLING 


TIME =— Normal to 
Longest \verage 
Longest = 
LLM. ti ICTONS mieron S MLCTONS 
: no. 4 Xt ie - 1503 
| 5396 PSD 540 
2 29 I 21.2 25.2 
19.9 1305 16.7 
s 14.4 7 12.1 
16 10.4 4.a SS 
2 i.a >. 3 6.3 
64 4.6 o.¢ +2 
day 
| 
9 
4 
1 No measurement of these particles 


eould be made with the apparatus at hand. 


where D the diameter of the particle in 
centimeters 
U the 


absolute viscosity of the 


suspending fluid 


\ the velocity of settling in cen- 
timeters per second 

S = the specific gravity of the par- 
ticle 

s the speeifie gravity of the sus 


pending fluid 


c the gravity constant 


The values to be used in this formula 
under the eonditions outlined are as 


follows: 


U QOL? at BO © 


\ values from Table 2 
‘ 2 648 

S () OS7 

vu (yX() 


Diameters ealeulated from the fore- 
Table 3. 


‘Table | shows 2 COM parison at these 


going data are given in 


values with the diameters 


ealeulated 
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hig. 1. “Quartz particles separated into graded sizes * 459 
\ Settling time, 30 seconds: average diameter, 45 microm: 
BB Settling time, 2 minutes; average diameter, 26 microns 


( Settling time, Sminutes: average diameter. 12 microns 
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hig. 2. Quartz particles separated into graded sizes 4 400 
\ Settling time, 32 minutes; average diameter, 6 micron 
Is -Settling time, 1 dav: average diameter, | micron 


( Settling time, 4 days *“average diameter, 5S micron 








of the measured particles, 


ave factor for the eight observations 


is 1.22. 


TABLE 2 


POR QUARTZ PARTICLES 


THE JOURNAL OF 


The aVer- 


CALCULATED VELOCITIES 


SETTLING IN WATER 


MP PLING 


St). 
Yr? 


O00 


PABLO S 


()] 


yt) 
tt) 
120) 
240) 
1S) 
(V6) 


WLU 


4 S40 


10) 
SO) 


CALCULATED DIAMETERS 
PARTICLES 
IN WATER 


() 


a 


Pi MIe 


IUARTZ 
SETTLED 


Pi MI 


TPABL 


ly 4 





INDUSTRIAL IIYGIENE 
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The velocities for settling quartz 
narticles in water as determined by 
< formula are given in Table 5. 

The time of settling is then deter- 
»ined from the formula: 

Settling Distance 


t = a 
Velocity 


In this ease the settling distance is 
25 em. and the velocities are those 
shown in Table 5. The values for t 
‘hus obtained are shown in Table 6. 


CABLE 6.—SETTLING TIMES OF 
QUARTZ PARTICLES SUS- 
PENDED IN WATER 





DIAMETER | SETTLING TIME 
~ 
L7crons | SéC 
200 | 1.75 
100 | 7 
D0 | 28 
40) | A4 
30 | 78 
2%) 175 
10 | 700 
) | 2,800 
2 | 17 ,500 
l | 70,000 
05 | 


280 ,000 


\ chart such 


T 
} ¥ . 
rigure 


as the one shown in 

3 may be readily constructed 
determine the time of settling of 

various particles within the limits of 
method. 


DISCUSSION 


‘he method described provides sep- 
ns which are uniform in size. 
its of the individual separations 
made as as desired 
peatedly separating the original 
The freedom of the sedi- 
irom small particles depends 


‘he number of times they have 


narrow 





been washed. Though it has been 
shown that quartz particles greater 
than 400 microns can be separated by 
Stokes’ law, it is not practical to em- 
ploy this method near its upper limit. 
For shallow dishes the time of settling 
is too short; for deeper dishes the vol- 
ume of fluid handled is too large. The 
method finds its best application in 
the range of particles below 50 mi- 
crons. Particles larger than this may 
be separated by screening, but for 
those of smaller size screens are not 
available. The lower limit is deter- 
mined by the size of the particle which 
fails to settle, but remains in suspen- 
sion owing to brownian movement and 
owing to the charge on the particles. 
This limit is about 0.5 micron and is 
independent of the type of dust settled 
and corresponds to an actual settling 
time of slightly over three days by this 
procedure. 

Table 1 demonstrates how clean cut 
the various separations may be made. 
It will be seen that the longest diam- 
eters of the particles in any settled 
fraction approximate the — shortest 
diameters of those in the preceding 


sediment with little overlapping of 
size. The poorest differentiation is 


between the thirty-two-minute and the 
sixty-four-minute sediments, where 
the deviation from the longest diameter 
is about 9 per cent. 

Table 1 also demonstrates the limits 
within which a given separation may 
be made to fall. The average of the 
longest diameters deviates from the 
average diameter by a nearly constant 
figure. 


The maximum deviation oc- 


curs at the four-minute and _ thirty- 
two-minute fractions, and is about 19 
per cent. 

17 per cent. 


The average deviation is 
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lia. 3.—Chart for determining time of settling of various particles. 

To use the chart: Find the diameter of the particle sought in the ordinates; note th 
number of the column it is in; run horizontally from that point to the index line and dr 
vertically from this point to the horizontal column having the same number below. Here 
will be obtained the time of settling in seconds. 


The fact that the observed diameters so as to offer the greatest possib 
are consistently larger than their cal- resistance to the suspending fluid, the 
culated values is largely due to an will present their largest cross sectl0! 
error in the method of arriving at the when measured. Many of the pat 


diameter of the particle, and to ticles are more nearly flat plat 
th 


es 
ey - 


the assumption that the particle is spheres, and consequently 


spherical. A more accurate method with a velocity different from that 0! 4 
of obtaining this value would be to sphere of equal eross section. | 
measure the true area of each particle; factor of deviation from Stokes 


but inasmuch as the particles settle obtained for quartz could no! 
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= EB plied to dust particles which have 
actured to shapes differing from those 
‘justrated. There is also a tendency 
sr the velocity of settling to be 
i ereased owing to disturbances in the 
«spending fluid incident to decanta- 
heavy Suspensions. 
4 chart been included from 
hich may be found the settling time 
) seconds of quartz particles of various 
liameters expressed in microns. ‘This 
chart has been made by plotting the 
me in seconds as abscissas, and the 
reciprocal of the square of the diameter 
» microns as ordinates. The quanti- 
; derived from the chart are not 
theoretical values as calculated 
Stokes’ law, but represent the 


has 


lues to be expected when _ this 
rocedure is used. The chart is of no 
jue unless the conditions of the 
| procedure are rigidly adhered to 


ughout the Separation. 


[VATION OF DIAMETER OF LARGEST 
Quartz ParticLE Wuicn May 
Be ASSUMED TO SETTLE Ac- 
CORDING TO 
LAW 


STOKES’ 


| we assume the particles to be 
dr spicres settling in the water-alcohol 
re ixture described, the type of settling 
be determined as follows. 
sib] ‘he force of gravity acting down- 
“- Ward on the particle is: 
LOU ' 7tD3S 
ry: Yr F — . 
| 6 
, (c.g.s. units) 
of a >= the specific gravity of the par- 


rl ticle 


e diameter of the particle in 
centimeters 





i) 


qr 


The particle is also buoyed up by a 
force equal to the weight of the fluid 
displaced, or: 


rl)3s 


6 


> = 


where s = the specific gravity of the sus- 
pending fluid 


The resultant downward pressure is 
therefore the difference, or: 
7r1D3(S — s) 


F, — Fy = —— =F, 


6 


If the motion of the particles is 
fairly rapid, it sets the fluid about it 
in motion and creates a dynamic pres- 
sure opposing the motion of the par- 
ticle; for a sphere this force has been 
shown by Lamb (2) to be: 


r1)?V2s 
l6g 


O 


where V = the velocity of settling in cen- 
timeters per second 
g = the gravity constant 


The particle soon comes to a velocity 
such that F, and F, are in equilibrium 
when: 


; rl)?V2s r1)3(S — s) 
F, = F; or . 
l6g 6 
Solving for V: 
DS — Oe 


V; = 1.63 \/ = 

For very small spheres, however, the 
velocity of settling is so small that the 
eddying motion is lost and the viscos- 
ity of the fluid becomes an important 


factor. According to Stokes’ law (3), 
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where » = the absolute viscosity of the sus- 
pending fluid 


At a certain particle size, these 
velocities will become equal, or: 
oe? ar es _ 
; , - SS — s)g (Ss —s 
\ 1 = \ 2 OT 1.63 / ( jum _ D*(S | ~ §)8 
Ss Su 


Solving for D: 


3 ° 
D = 9.5] / Coen 
\ (S — s)gs 
since un = 0.0122 at 20°C. 
S = 2.648 
s = 0.987 
g = 980 


For quartz dust: 


D = 0.0430 em. 
or 430 microns 
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Hence Stokes’ law may be applied, 
settling quartz particles as large ,., 
430 microns, or those passing throvsi 
a 40-mesh screen. The lower imi 
is determined by the degree of +) 
brownian movement and for quar, 
in water it is nearly 0.5 micron, 


SUMMARY | 


1. A technic of sedimentation ; 
given by which dusts below 50 microns _ 
may be separated into graded sizes, \ 
2. The theoretical 
method are discussed. 
3. A chart is given for the deternj. 
nation of the settling times for quart 
particles of different sizes. 


limits 


P ; 
OT th <i 
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